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2 UCLEAR_CRATERING EXPERIMENTS 


AND THE TEST BAN TREATY 


PON 1 RE MS 5h al 


Statement for November 18, 1965 Meeting 
of the Atlantic-Pacific Interoceanic 


Canal Study Commission 


I. Introduction 

* From our discussions in July, you are aware of some of the more 
important technical factors jnvolved in nuclear éxcavation, the general 
status of the technology, and the need for our experimental program. ~*~ 
You are also aware, in general, of the relation of the Treaty Banning 
Nuclear Weapon Tests in Le Atmosphere, Outer Space and Under Water to 
the experimental program, of the procedures used within Government to 
consider cratering experiments, and of some of the political and Ssauieen 
factors involved in this review. From your tour of the Nevada Test Site 
jn October and your briefings by the Lawrence Radiation Laboratory, you 
are aware in some detail of the technical gnformation which needs to be 
obtained before a determination of the feasibility of using nuclear 
explosives to excavate a sea-level canal can-be’made. At your request, 
I would now like to discuss with you specifically and in more detail 
ae technical and political questions involved in approving the specific 


cratering experiments needed for your determinations on feasibility end 


costs. 
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IL. Proposed Program of Experiments 
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A. Cabriolet ~*’ 
Project Cabriolet is proposed as the next experiment in our 


nuclear excavation program. The AEC hag just completed its prelimi- 


. 


* 


nary analysis of this experiment and is beginning discussions within | 
the Administration in order to obtain the preliminary approval needed 
for beginning ‘construction for the experiment. This experiment involves 
the detonation of a nominal 2 kiloton explosive at optimum cratering 
depth in hard rock at our Nevada Test Site. The primary objective of 
the experiment is to confirm the low levels of uataaceivity which we 
expect to escape in cratering experiments] 

J : | the down-hole debris entrapment technique. 
With the improvements in the explosive, we expect the levels of radio- 
activity from Cabriolet at national boundaries to be low enough not to 
create undue political problems. With correction of the stemuing 


‘difficulties involved in the Palanquin experiment, we expect the levels 


“after 50 hours to be only slightly above the levels that were actually 
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at the borders of the U. S. in Palanquin. If the down-hole debris suteas 
ment technique works, the levels of radioactivity from Cabriolet 4G: ode 
national boundaries might even be a factor ‘of ten less than Palanquin. 
Cabriolet is, thus, a key experiment. If it works as expected, it 
hentia permit proceeding with the following higher yield cratering 
experiments. 
Schooner 

Project Schooner is defined as a high-ylelc, point-charge ex- 


periment in hard rock. A site was tentatively identified for this — 
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experiment in Idaho before the Test Ban Treaty became effective, 
Data from this experiment would complement data fan Project Sedan 
which, as you know, was a 100 kiloton seine shetee detonation in 
alluvium at our Nevada Test Site. You are aware of the need for 
technical information from Schooner in order to extend to higher. 


yields the theory of cratering in hard rock in view of the apparent 
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predominance of harder rock types along the sea level canal routes, 


especially through the continental divide areas for which megaton 


‘tar ee 


size explosions will be needed, Equally important to you, of course, 
is the engineering information to be obtained after the shot on such 
matters as slope stability. Currently, we are in a position where 


.the preliminary designs for canals are based on extrapolations from 
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a one-half kiloton nuclear explosion and similar work to the several 
megaton explosions needed for the highest elevations along the canal 
routes, 
Buggy 

Project Buggy is defined as the simultaneous detonation of a row | 


of low yield nuclear explosives in hard rock under level terrain. You 


. a 


are aware that no nuclear row charge experiment has ever been carried 
out and that we are extrapolating from very low yield, high explosive 


experiments in hard rock and alluvium to the very large yield nuclear 


ing information to be obtained from Buggy is similar to that to be 


obtained from Schooner. But, in this area, since there is a larger 


row charges needed for a sea level canal, The technical and engineer- 
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extrapolation sf ‘theory and in experimental data, there is an even 
greater need ee experiment. Also, exe are many practical problems 
which we need experience in solving, such as the simultaneous firing of 
the large number of nuclear explosives. 
Galley 
Project Galley is defined as a row of higher yield nuclear explosions, 
getonated simultaneously, in uneven terrain and possibly heterogeneous 
media, Galley represents the logical extension of the basic Buggy 
experiment into the yield range from which extrapolations to a canal 
type excavation can be made, It is also a more sophisticated experiment 
using aiveevent yield explosives at different depths of burial to approxi- 
. mate the conditions under which nuclear excavation would actually be used 
in digging a sea level canal. | 
_ Other Experiments . = 
We have also proposed, in the past, that a demonstration project 
be carried out astae the basic technology evolved in the foregoing 
-experiments. However, the foregoing four experiments are those needed 


for a specific determination of feasibility of the use of nuclear ex- 


cavation for the construction of a sea level canal. Ideally, there 


° i 


would be several experimental objectives to a demonstration project as 


well as providing a demonstration that nuclear excavation actually works 


. 


for practical projects. Such a project should be carried out in coopera- 


as: 


‘tion with another party, either industry or government, which plans to 


use the excavation for an engineering purpose, 
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In relation to the canal situation, we would strongly urge that 
such a demonstration project be carried out to support any decision 
by this Government to use nuclear excavation for construction of a sea 
level ‘canal, If the project were in a foreign country it would seobabis 
‘serve this purpose even better, In this connection, the Australian 


‘Government has expressed some interest in a project of this type to 


construct an entrance channel and harbor in the barren coast line of 


_ northwest Australia. In this country a project, called Carryall, was 


Studied in cooperation with the California Highway Department and the 
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. wide an tinal Taare BRON ER 


Santa Fe Railroad, It would have involved excavation of a railroad 
- € 


and highway pass in the Mojave Desert area of southern California, and 


would technically be an ideal extension of the Galley experiment into 
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. & yield range which would be directly useful in planning the actual © - 


construction of a sea level canal. 


III. Progress in Reducing the Amount of Radioactivity Involved in Cratering 


such as the one to be used 


in Cabriolet,f| 
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addition to the fission product radioactivity, radioactivity is induced 


in device structural materials, and to some extent the surrounding earth 


pected that these induced activities will be on the order of] : 
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Taking all these factors into consideration, plus the mixing and 

‘ filtering effect of the overlying earth, we expect that the maxinum 

| contenteetran: based on Palanquin results, of radioactivity from ; 
Cabriolet in the air masses into which it would be introduced would be 
less than 10 picocuries per cubic meter of air after 50 hours. This | 
concentration of radioactivity does not approach being a health hazard. 
Ia fact, it is not customary to analyze routinely samples which contain 
levels of radioactivity below 10 picocuries per cubic meter of air, 
since they are within the range of normal day-to-day variation. Further-~ 
saves {£ the mixing and filtering effects of the overlying earth work | 
on the escape of radioactivity as they did in the Danny Boy experiment, 
instead of the atypical Palanquin experiment, the concentrations of | 
radioactivity after 50 hours would be about 1.5 picocuries of 
radioactivity. 

This progress in reducing the amount of radioactivity represents a 
substantial technical chica, Gs importance of which is not | 
generally recognized. But, it is sufficient to enable us to- proceed 
with a great deal of confidence in designing nuclear cratering experi- 
ments 80 that they do not pose undue rik of creating health hazards 

' for the public. 
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In addition to these improvements, we are hopeful that the entrap- 


ment of radioactive debris underground can be enhanced by directing it } 


down an extension of the emplacement hole which would be open for several 
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hundred feet below: the device. We believe we learned enough about this 


technique from the Palanquin experiment to test a basic improvement in 


the technique on the Cabriolet experiment. This technique offers the 
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prospect of a further substantial decrease in the concentrations of radio- 


mcenale per cubic meter of air after 50 hours. It would be reasonable 


j to assume that a eeduceion by a factor of ten is possible in which case 
i 
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the levels from Cabriolet would be 0.2 picocuries. 
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But, even without this technique,if Cabriolet confirms our expecta- 
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tions, we will be in a position to proceed with the cratering experiments 
outlined above and cause no more than 1.5 picocuries of the type of radio- 
activity collected by routine monitoring networks to be present per 

explosive per cubic meter Of air after 50 hours. This means that even in 


the case of a high yield explosion like Schooner, there would be no mere 
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than about 1.5 picocurtes of filterable radioactivity per cubic meter of 


Seat eB 


air after 50 hours. In an experiment like Buggy, the concentrations in 


air masses after 50 hours would be the same, times the number of explosives. 


® 


Thus, it would be possible to do Buggy using 7 explosives and cause no more 
than about 10 picocuries of radioactivity to be present under the same 


conditions. If the /down-hole | pechnnase works, there might be only between 


ee dads 


l and 2 picocuries per cubic meter of air after 50 hours from Bugey - 


4 
Technical Status and Propram Capabilit 
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As indicated above in discussing the information to be cbtained from 


each experiment, we are generally in the same technical position in 
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nuclear excavation that we have been in since the summer of 1962. Since 


that time, a thorough review of all the available information bearing 
on the nuclear excavation of a sea level canal has been made in the 


course of preparing the 1964 Isthmian Canal Studies. We believe that 


it is feasible to carry out such large scale nuclear excavation, but the 


fact is we do not know this. There are major. technical uncertainties, 
as explained above, in the kind of craters to be left by large nuclear 
cratering explosions. And, there are major engineering uncertainties 
‘about the use of these craters for an engineering purpose. 

Based upon past experience in development programs and advice from 
the best qualified technical and engineering experts who have reviewed 
the program in some detail, we believe the uncertainties to be investi- 
gated in the above nuclear cratering experiments are within the range 
of our past successful experience. . 

But, after careful scrutiny of this basic development program since 
ay 1962, we believe this program of experiments is the minimm needed 
“ta determine the feasibility of nuclear excavation Be sea level canal; 
or, for that matter, other large-scale projects. 

This experimental program aes be carried out within the existing 
technical capability of the AEC without adversely affecting our other 


programs. We have the technical and field support capability to carry 
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out all of these ey peeiene before June 30; 1968, And, depending upon 
the success we achieve with each experiment, it might also be possible to 
begin on an Souecotitten tenchateatian project, which if you recommend 
nuclear excavation of a sea level canal, might be a most desirable course 
. of action. | 

At the present time, our budgetary situation is such that funds can 
be requested in an orderly fashion, within the usual budget cycle, to 
carry out the above projects. We have funds in FY 1966 to carry out Pro- 
ject Cabriolet. We have proposed in our FY 1967 budget request, which is 
now under consideration, that funds be included in the President's budget 
for Projects Schooner and Buggy and to make preliminary site preparations 
for Project Galley. However, we are currently at the stage in the budget 
review process where if funds are not included in the FY 1967 budget, 
supplemental appropriations or other funds would be necessary to maintain 
the schedule. Obviously, the budget has not been developed for FY 1968; 
but, if sufficient funds are provided in FY 1967, it will be possible to 
request funds in FY 1968 to execute Project Galley and possibly, if it 
appears justified, to initiate a demonstration project. 

Beyond requesting funds in the President's budget, we must also face 
the fact that Congress is reluctant to watheeise and appropriate funds for 
cratering experiments unless there is some indication that we actually intend 
to do them. : “ 

Effect of Test Ban Treaty 

Mr. Palfrey explained at your July meeting the procedures used within 

the Government to obtain approval under the Test Ban Treaty for experiments 
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which might violate, or be regarded as violating the terms of the Treaty 
Banning Nuclear Weapon Tests in the Atmosphere, Outer Space, and Under 
Water. He pointed out that slight differences of interpretation of the 
relevant treaty language, prohibiting underground wicleat explosions "if 
such /an/ explosion causes radioactive debris to be present outside the 
territorial limits of the state under whose jurisdiction or control such 
explosion is conducted", have a major effect on the kind of experiment we . 
can carry out. At that meeting, in reviewing our general situation, ye: 


did not discuss in detail all of the technical issues which get involved 


in trying to apply the relevant treaty language in judging experiments. And, - 


since the review.is a comprehensive one, taking into account political risks, 
technical issues, and legal interpretations of the treaty language, as well 
as the need for the experiment from a national point of view; the question 
of slight differences of ieee macien may not actually be too important, 
But, each of the agencies involved in the review undoubtedly have a 
different point of view based, in part, on a slightly different intexpretas 
tion of the Treaty and our obligations under it. Clearly, it is important 
that technicalities not prevent us from taking action which otherwise 
- appears necessary and desirable. an 
With this introduction, I would like to outline for you some of the 
- ways in which the relevant treaty language may be interpreted. 
A. Detectable 
Testimony given by Administration witdetdes before the Senace 
Foreign Relations Committee in behalf of ratification of the Test Ban 
Treaty frequently defines the Treaty language in question as prohibiting 
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"detectable" amounts of radioactive debris from being present outside 
territorial boundaries. Thus, there is some legislative history sup- 
porting this interpretation. However, applying this criterion today 


is inconsistent with other equally valid Ber Eameny stating that Serena 


Relations Committee Report indicates their understanding that such 
Ste cesnente will be carried out. In any event, the threshold of 
detectability for radioactivity varies so ‘much with background ieyels 


of radioactivity, meteorological eecenisaas ‘sophistication of detecting 
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equipment used, skill of detection, and level of effort employed, that 
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this interpretation is both severely limiting and controversial, As- Mr, 


Palfrey made clear, this paras ESE en has not been adopted by the 


ate eh Bay Seve 


. Administration and, in fact, no uniform interpretation is employed by - 
-the Review Committee. _ From the standpoint of political risk or propa~ 
ganda value, the question undoubtedly turms less on whether the debris 
is present in detectable amounts than it does on whether the debris is 
actually detected outside the country and whether that fact becomes 
known. It seems impossible to carry outr cratering experiments fa our 
open society without announcing this fact. Even if it were, our respon~- 
‘sibility to protect the public from hazards results in activities which 
make the escape of radioactivity to the atmosphere known. In this same 
vein, it is of course true that even if debris is not detected outside 
the country, a propaganda opportunity is created by a cratering experi- 


ment, But, the same is even true of a reactor experiment we have carried 


experiments can be carried out under the Treaty. The Senate Foreign 
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B. Not Present 
This interpretation is based on the legal concept of using a 
“rule of reason" to define otherwise imprecise provisions of law. 
In this case, the concept is derived from the wording "to be present" 
‘in the Test Ban Treaty, and takes account of the fact that all 
eieauateed radiation protection guides, including those of the USSR, . 
define as "not present" concentrations of a radionuclide below some 
level. The regulations governing maximum permissible concentrations 
are set low enough that.it is judged such concentrations do not 
t 


present a health hazard. The regulations therefore recognize that 


radioactivity which is, some small fraction of the maximum permissible 
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concentration represents a level of radioactivity so low that it is 


and health purposes, it is "not present." In the case of the USSR, 
where the concept is applied to caste disposal matters, it apparently | 
really means that when the radioactivity concentrations are s0 low, 
it is not worth worrying about and for all practical purposes, water 
or gic coneataing such low levels of radioactivity are not considered 
to be radioactive. (It should be borne in mind here that most water 
‘and air naturally contain some radioactivity.) 

A precedent also exists for using this concept in interpreting 


an international treaty since it is used to control the release of 


effluent by the nuclear reactor at McMurdo Sound in the Antarctica. 


not necessary to try to monitor or control it. For all practical ‘ . 
} 
i 
‘ 


“COPY 
‘Lyndon Baines Johnson Library 


a 


Se ae 2d 


ie -13-. . 
we at es 

This concept was first proposed in the spring of 1964 and was 
incorporated in the Department of State report to the White House. Sub- 
sequently, the Review Committee concurred in the desirability of continuing 
the study of this concept. 

Since that time, the Atomic Energy Commission has pursued sone of - 
the detailed calculations necessary to establish the "not present" limit 
using the definition of “not present" in the U. S. Regulations (10 CFR 20). 
Based upon the actu::1l mixture of radionuclides released in the Palanquin 
experiment last spring, the USSR event of January, 15, 1965, which deposited 
radioactivity in easily measurable quantities in Japan, and the prediction 
for Cabriolet, the following "not present” limits for the radioactivity 
from these events has been calculated using the radiation standards sug- 
gested by the International Atomic Energy Agency, the U. S. and the USSR. 
The U. S. regulations have been developed on a slightly different technical 
basis than the IAEA, and the USSR regulations ane meant to be applied 
somehwat differently than the IAEA and U. s. 


RADIOACTIVITY FROM NUCLEAR EXCAVATION 


Concentrations of Radioactivity Considered "Not Present" Under Various 
Regulations * 


Picocuries of Radioactivity* Per Cubic 


Meter of Air c/m?) at 50 Hours 


Source of Definition USSR Event ; Palanquin Cabriolet 


. 


1. USSR Regulations 270 113 340 
2. U.S, Regulations 460 125 610 


3. IAEA Regulations 910 365 1,090 


Actual or Estimated Concen- 6,000 _ 60 0.2 - 7 
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Of course, fien the radioactivity from the USSR event was measured over 
Japan after 120 hours, the levels were only 188 picocuries which may account 
for their statement that the event was fired under conditions that preclude | 
it being present. : : Pg ie 
Although the "not present" levels of radioactivity would be eastiy i 
measurable by routine health monitoring networks, it should be borne in i 
mind that such levels really represent epi dabeainandly small physical 5 
quantities and that in every day practice in countries around the world, 
Similar levels of radioactivity are released to the environment. Regardless 
of whether it would be practical from a political and propaganda point oF : 
view to use such a standard, it is being borne in mind as a possible way 
in which to answer charges made by others about any of our nuclear activities. 
Evolutionary Interpretations 
This might fairly be the name given to eer: situation we are in as we 


pursue the case-by-case approval of each nuclear cratering experiment. 


So far, two nuclear cratering experiments have been SEpEouse by the Review 


our borders exceed one picocurie per cubic meter of air. As indicated 


° ca 


above, with conservative assumptions, we would expect the levels from 
Cabriolet. to be no more than 10 picocuries of radioactivity per cubic 
meter of air after 50 hours. More likely, they will be no more than 2 
picocuries. If the air masses containing the radioactivity stay within 
our territorial boundaries longer than 50 hours, the levels would be even 


less. However, 50 hours has been chosen because me CECE Orostest experts 
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tell us they can predict with reasonable confidence, air mass trajectories 
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that will remain in territorial boundaries for that length of time. 
Another factor which feeds into the evolutionary fibeepeaeeeten ia 
the type of experiments permitted by other countries which have signed 
the Treaty. Such experience provides an indication of their subecdretes 
tions. In this Sauneeeton, the Soviet event clearly caused extremely 


high levels to cross their nearest border, with Outer Mongolia, about 300 
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miles away. A reasonable estimate would place the concentration of radio~ 
activity at dine Woeaeson in the range of a few million picocurles per 
cubic meter of air. It remains a moot point, of course, whether the 
Russians deliberately approved the experiment with full knowledge that this 
amount of radioactivity would be released. There is some evidence to sug- 
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gest that they did. If so, the U. S. would certainly be justified in taking 
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a somewhat less restrictive attitude toward the approval of its own tests. 
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In connection with the approval of experiments, it should be noted 


that the Secretary of State assured the Congress during consideration of 
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the Nuclear Test Ban Treaty that if another party should interpret the 
Treaty more broadly, the U. S. would consider itself free to extend its 
underground testing program to the limits observed by the other parties. 


Beyond the question of interpretation, of course, there remains a 
sebese desire on the part of the U. S. to proceed with tests necessary in 
its national interest so long as there is no conflict with a higher 
national interest. In this area, I believe our national intereat wovld 


dictate that we not fall behind the USSR in developing nuclear excavation 


techniques. 
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VI. International Cooperation 
Since the Senate debate on ratification of the Test Ban Treaty, it 
has been recognized that the Treaty would probably prevent the use of 
nuclear excavation for a sea level canal. It was explained to the Congress. 
that if a sea level canal or other projects became desirable, it would be 
possible to amend the Treaty to permit the project. Later, in January, 1964, 


in connection with the riots in Panama and during consideration of the need 
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for a sea level canal, this fact voeueuenedeeht consideration. Two 
important conclusions have emerged from this consideration: (1) IL£ the 

Government is to keep its obligations under the Treaty, an amendment to 

the Treaty, or an arrangement under it, would be necessary to permit nuclear. 


excavation of a sea level canal. At the same time, it is apparent that 
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until the nuclear excavation program is completed, there will be no Beeuet 
projects requiring an amendment to the Treaty. (2) The prospects at this 
time for obtaining an amendment to, or an agreement under, the nreaty are 
not good and depend largely on the attitude of the Soviet Union as one of 
‘tthe three original signatories to the Treaty. As the result of this latter 
conclusion, the Department of State proposed that a program of Soviet and 


international participation and cooperation in the nuclear excavation develop- 


ment program be devised and carried out. It would be expected that partici-~ 


pation in and cooperation during the developmental and experimental phases 
of the program would create sufficient understanding of and interest in 
nuclear excavation so that an amendment or an arrangement for a needed project 


could be obtained. So far, it has not been possible to proceed with the 
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implementation ‘of this program. Most recently, it has been concluded that 


an approach to the Soviet Union at this time would be fruitless in view of 
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the current state of our relations in other areas and might jeopardize our 
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chances at a later, more favorable time. 
Perhaps on a case-by-case basis, we should begin to intensify already 


existing contacts with other countries, such.as Australia, Peru, and the 


ee Red 


United Arab Republic. India represents a slightly different problem. But, 
it, too, is among the countries ‘tio are interested in Plowshare technology. 
As Commissioner Palfrey mentioned at your July meeting, the Atomic 

Energy Commission has, after careful consideration, concluded that Plow- 
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share is not fundamentally incompatible with other foreign policy initiatives 
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to prevent the spread of ‘nuclear weapons to other countries or to obtain a 
‘comprehensive test ban treaty. Policies and arrangements can be worked 
out in both of these areas so that Plowshare should not frustrate our 
foreign policy objectives. ‘In the case of proliferation, appropriate 
policies in the Plowshare area would even serve these objectives by removing 
& reason or an excuse for another dsuntey anaeetaking an independent: ex- 
plosives development program. First, we believe a definite U. Ss. poltey 
should be adopted to make Plowshare technology available to other nations, 
. including the service of detonating U. S. ey alowives at reasonable costs, 
to obviate any need for them to pursue an independent program. Providing 


this service, with the explosives under U. S. control, would not provide 
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any technology or materials useful in designing nuclear explosives. Second, 


we should make it clear that the U. S. would regard any nuclear explosive 
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development by another nation as being for weapon purposes. 
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Conclusions 
The foregoing is a comprehensive and somewhat detailed picture of the 


situation as it stands today. I think it is clear that the situation is 
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exceedingly complex and weaves together many technical, political, legal, 


and even psychological threads. For one reason or another, since 1958, 


syrtety ee, 
. 


nuclear excavation has not progressed in the orderly, straight-forward 


manner we would like to use in pursuing technical deve lopment programs. 


I understand you are interested in knowing what the chances are that 
we will be able to proceed with our experimental program and obtain the 


t . 
information you need to make your determinations. For this reason, let 


me review what we are doing and what can be done to improve those chances. 


First, we will continue to propose nuclear cratering experiments for 


review in the expectation that they will be approved and that there will - 


be some evolution in the standards of appraisal used in the review as well 
as some technical ers If so, we will be able to carry out the . 
nuclear excavation development program. The schedule would then depend 
mainly upon our ability to secure funds for it. 


Second, as we follow this procedure, we can use the occasion of nuclear 


. + 


excavation experiments to determine whether more flexible limits are 


acceptable to other nations. There is growing reason to believe from 


a 


intelligence and other information that the Soviet Union may have dropped 
qs former political hostility to plowshare technology sad may even be 

embarked on a development program not unlike the one we are proposing. It 
is, of course, even possible that they have been doing so for a number of 


years, taking advantage of their closed soclety to carry out the program 
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Third, even if it is not timely to approach the Soviet Union directly 


on cooperation in Plowshare, we can intensify our efforts to cooperate 


’ 
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with other nations in plowshare technology. In doing so, there are, even, 


_many areas other than nuclear excavation which are completely permissible 
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under the Test Ban Treaty, such as stimulation of natural gas or petroleum 
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production, which can be pursued to our advantage. 
; , 
Fourth, in carrying out nuclear cratering experiments beyond Cabriolet, 
we believe that the U. S..can effectively counter any propaganda in con- - 


nection with nuclear cratering experiments by inviting interested nations 
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to observe the experiments first-hand so that they will sudeverand what 
aca doing and why we do not believe it is a violation of the Teat Ban 
Treaty. | 
“Fifth, it would be possible technically to Gaeey out all the 
’ experiments I have outlined without violating a "not present" standard. - 
Even if we do not use this standard to approve experimente, the "not present" 


interpretation provides us a basis to meet challenges from the USSR that 


we have violated the Nuclear Test Ban Treaty. 
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MEMORANDUM FOR THE PAESIDEN? 
DECLASSIFIED 


SUBJECT: Sea Level Canal Authority 3 


me <P, NARS, Date 6- ¥-79 


The building of a sea leve. cana. at a new route has been under 
active study by the Panama Ca..al Company, the U. S. Army Corps of 
Engineers and the Atomic Encrzy Commission. This memorandum 
considers factors bearing on t..c desirability and feasibility o. con- 
structing sucha canal. It does not consider actions which mi,-.t be 


o 


takeu to improve U. S.-Panamza relations while we are operating the 
present canal. 
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I. The Need Jor a Sea Level Canal 


A. Economic Need 


_ Acurrent study, uncertaxiuu. Sresiaent sennedy's direction 
to be completed Fuoruary 15, 1 164, indicates that by the end of the 
century traffic through the Panama Canal will have grown from the 
curren: rate of 12,000 ships a year to about 19, 000; but that the Canal 
unde - optin.um conditions will be able to accommodate the traffic until 
-hat ii vel is reached. As the annual volume of traffic approaches capacity, 
howeve., the normal daily var:utions in the number of shivs arriving-will 
vesuit in substantial delays to saipping and a backlogging o. wips await- 
ing tru. sit. By the year 2000, che limitations imposed by the capacity 
of the canal will result in suostantia. inconvenience to world shipping 
and particularly to the U. S. (64% oi the tonnage which passed through 
the canal in 1963 originated in or was destined for U. S. ports’. 
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Even now the dimensions of the locks preclude the use of 
the cancl by 50 existing commercial ships (ore carriers, tankers anc 
Queer. class passenger liners) and 24 U. S. naval vessels (15 attack 
carrie... and 9 ASW carriers). An accitional 556 commercial vessels 
which can transit the iocks in ballast ::.anot transit it whes -ully laden. 

it follows that while a new sea level canal would aia the 
world's commerce, its construction ic the next 25 years co .< srobcoly 
not be justified on the sole ground of inadequate service. “ne. vaitc -, 
the inadequacy of the present canal will undoubtedly growto .. ar «4 
burden on commerce. 


me B. Political Need 
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We have not yet been able to devise a completely 
factory United States-Panamanian relationship involving U. S. 
operation of the present lock canal for the following reasons: 


1, U. S. Population 


The operation and security of a lock canal involves 72 ie 
skilled and loyal technicians, a tight organization and good manage- dae 
ment. Hency, in the near future in Panama a substantial complement 
; of American citizens is required. Their presence in the Canal Zone 3 

means a large American enclave ina small foreign country. The ts 
juxtaposition of Panamanian slums and neat, affluent American < 
communities will always tend to breed trouble. 


If a sea level canal is built, no complicated operating 


problems will be presented. Even assuming U. S. operation ofa ; 
new canal, the U. S. supervisory force would not exceed 100 men - 4 
as contrasted with the 4,000 U. S. citizens (supervisory and support) rae 


currently ermployed by the canal enterprise in the Zone. 


2. Land 


The extreme vulnerability of the present canal to 
sabotage (dynamite at Gatun Dam would close the canal for two 
years) requires a buffer area - much of it unused - if the canal is a 
to be protected. With a sea level canal, vulnerability to major 


sabctage_would be eliminated and, therefore, no buffer area would 


be required. | 


ca Treaty Issue 


The current treaty raises the problem of sovereignty 


and grants rights to the U. S. "in perpetuity". Changes in the treaty 
which would satisfy Panama would be difficult to sell to a substantial 


segment of the U. S. public. 


7 In the case of a sea level canal where no sizeable 


U. S. community is requircd and no significant security problem 
Furthermore, the 


exists, sovereignty should not be an issue. 
rights need not be "in perpetuity" but rather for the perioc of years 


gt 


required to amortize the invesimexnt. Provision would have to be mace 

to assure that, once the cost of the canal had been amortized. the 

canal would be operated efficiently, and that ships of all nations could. 
“use it at fair rates, : ia 


Accordingly, the prospect of a sea level canal gives. promise 
of providing a way out of the difficult problerns with Panama, ‘which’. 
we now face. It provides the possibi slity of an arrangement with 
Panama, satisfactory to both countries and without adverse inter~ 
national implications, which could safely guarantee inter -oceanic 
passage to world commerce indefinitely in the future. 
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If, on the other hand, a sea level canal could be con- 
structed outside of Panama, the current problems with Panama | 
ashouls become manageable. 


' 
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Strate gic Need 


1, . Waterway 


The JCS have stated that long-range military con--~ 
siderations will continue to make mobility of forces and materiel . 
between the Atlantic and Pacific Oceans during cold, limited, or 
general war desirable. As previously stated, 24 U.S, carriers oe 
not transit the canal today. More important, the vulnerability of the _ 
present canal reduces its capability to meet U.S. strategic réquire- 
ments in wartime. The Navy estimates that without the canai it 
would need additional ships and personnel to enable it to meet its. 
responsibilities throughout the world. Additional studies will be 
necessary to ascertain the number of ships and personnel which may 
be needed, 
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2, Bases 
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The strategic importance of the Canal Zone is not 
based solely on the military value of the Canal as an inter-oceanic 
waterway. The military bases located there also play a vital role 
in hemispheric defense. 
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At these base» we mointain U.S. forces and supplies 
which may be required to cownier sucversion in Latin America.* in 
addition, we maintain a perm...cnt, wéil-protected headquar-ess for 
contro. of U.S, military ana ee © vistaace operations in Latin 
America; a tropical jungle site sor ruescurcn and developmen: «.ctiviries; 


ie sees 


an extensive training complex for U. S. and Latin American personnel 
which includes one of the finest jungle training areas in the world, 

Fort Sherman; an excellent school for. Luiin American military per- 
gonnel, Ioct Gulick; anda base for world- wide communications which - 
_ is favorably located from a technical (i.e. , wave propagation) stand- 

point. - ; 


. It should be pointed out, however, that the continued main- ~ 
tenance of these bases does not depend upon continued operation of im 
the canal at the present site or maintenance of U. S. jurisdiction over _ 
the Zone. These bases contribute substantial indirect benefits to 

Panama and could probably be retained at their present sites under 

normal base rights arrangements. 


D. Conclusion 


Although economic, political and strategic considerations _ 
' takén separately do not require the construction of a sea level canal 

in the near future, when they are linked together a strong case for 

such a canal is made. 


Il. The Choice Between Nuclear and Conventional 
Construction _ 


A. Conventional Construction 


2 A sea level canal could be built by conventional means. The 
cost of such a canal at the present site was estimated in 1960 to be 
$2,287, 000,000, and the construction time to be 12 years. The resulting 
canal would be narrow and subject to being blocked by a scuttled ship. j 


Nevertheless, several considerations favor such a canal: 
(1) It would obviously be more efficient and far easier to operate than 
the present canal; (2) It would permit transit in 4 as against 8 hours; 
{3) If the canal were dug at the present site, Panamanian consent to it 
should be easily obtainable, in view of the enormous economic benefits 
to Panama from the expenditure locally of 'the major DELON of the funds 


re quired for construction. 2 
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Construction of 2 sea level canal by conventional means 
at any of the other possible routes appears impracticable in view 
of the distances and elevations anc, hence, costs involved, which 
are shown in the iable bclow. Th. se estimates, however, do not 
make allowance for any possible future improvement in conventional |. 
earth moving equipment. 


Cost of Conventional Sea Level Canals 


_ Cost of Construction ” 
Length Max. Elevation (Estimated in 1947) 
Site (Miles} of Divide (Feet) (Millions) - 


Mexico 125 810 $ 13, 000% 
(Tehuantepec) 


Nicaragua ‘ we 
(Gre ytown-Salinas Bay) 140 $4, 100% 


neon 


Panama 


(Sasardi-Morti) 46 $ 5,132 


Panama 
(Canal Zone) 46 '$ 2, 287%% 


Colombia 
(Atrato- Truando) 102 $ 5,261 


B. Nuclear Construction 
l. Feasibility 


A canal dug by nuclear means would have a channel up 
to 250 feet deep and would be at least 1, 000 feet wide (as against 


Y 


* 1947 estimate for lock canal only. No estimate has been made for sea level 
canal. 


1960 estimate for sea level canal. 1947 and 1960 estimates were relatively 
close. Anew canal at this site could, and necessarily, would be built with 

the -resent one in operation; a shut-down of only two weeks would be required 
we saanvo-over time. The cost in time and money is, of course, su‘stantially ° 
ancreasca as a result of carrying on canal operations during construction, 
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the 506 foot width of a conventional sea level canal in che Zone). 

Its course would be ntively straight. Tidal regulation structures 
would probably nct te reeuired, even though Pacific tides vary by 
20 feet and Atlantic tides by 1-1/2 feet. This variation would, on 
occasion, cause currents in the channel up to 5 knots, nota severe 


problem. 


The feasibility of excavating a sea level canal by 
nucicar means has been demonstrated by actual excavation experi- 
ments, although further work has to be done to develop this technology 
to the point where a canal project can be undertaken. The program 
to date has consisted of several hundred chemical explosive tests up 
to 500 tons and four nuclear cratering events, of which three were 
fired as military effects shots. One major Plowshare event at 
100 kilotons, fired in Nevada in 1962, excavated a crater 1,200 feet 
in ciameter and 320 feet in depth (sce attached photographs). This 
explosion, which is of the raagnitude of the small (but not the large) 
explosives that would be recuired to excavate the proposed canal, 
was conducted safely at the Nevada test site. 


Extrapolations from the data developed in this program 
indicate that a sea level canal can be dug across the Sasardi-Morti 
route in Panama with about 300 nuclear explosives. The total yield 
required is about 200 megaions. The yield-of the individual explosives 
wouid range from about 100 kilotons up to about 10 megatons. To 
excauvate the canal, a number of devices would be simultaneously 
detonated in a row to produce a ditch. About 15 such rows of detona- 
tion would be required to cornplete the excavation for the Sasardi-Morti 
route. The total yield in any row of detonations would be determined 
by local conditions but would not exceed about 35 megatons. 
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2. Costs 


Construction of a canal by nuclear means brings the 
cost down sharply and permits a choice of routes as the following 
table shows: 


Estimated (in 1960) Construction 
Cost (Miliious) 


Mexico (Tehuantepec) S 2, 300 


Nicaragua (Greytown-Salinas Bay) $1,900 


Panama (Sasardi-Morti) 
Colombia (Atrato-Truando) 
A map is attached showing the sites listed. 


Tnese costs cover site selection, enginccring surveys 
and dés.in, construction of roads and camys, production of nuclear 
cevices {including nuclear materials), eeu operations in the field, 
evacuaiion of local inhabitants < uring the onation period, and such 
nermazont facilities as navigat id ana ‘ood control structures, 
but do .cot include treaty costs. research and development cost, 
not incluced in the above, to perfect nucicar construction techniques 
is estimeted to be about $75, 000, 000 for a four-year program, but 
would sc incurred in substantial part for other purposes in the Plow- 
share s:ogram in any event. 
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The safety of nuclear excavation depends upon the con- 
tvol of the main potential hazards: radioactivity, air blast, and 
ground snock, 


Radioactivity would be limited in two ways. 
have been developed with the primary objective o: nm 

Atomic Energy Commission nas made and is making sub- 
‘ ne ose in this development and this program snould continue. 
duc. curial of the exslosives would trap a large percentage of 
aciowcuvity underground, In addition, the prevailing winds from 

vast are essentially ccross the Isthmus and along the canal 

the land area sudiect to fallout is minimized. Itis be- 

eved tha ion and decay on land ana in the ocean would reduce 
concencvavion to harmless levels in a short time. 
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Current plans are to conduct the nuclear detonations 

over a period of two to three years. Ina jungle area it would not 

be practical to evacuate the inhabitants temporarily for each detona- 
tion. Therefore, current plans envisage working through the local » 
government and tribal headmen, before any detonations begin, to 
resettle all the people from the land area where any radioactive 
fallout is likely to occur. This is a pie-shaped area 30-50 miles. 
wide at the Caribbean end, upwind, and 100-150 miles wide at the 


Pacific end, downwind. 
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The evacuation plan would mean resettlement in adjacent” 
frontier areas of approximately 25,000 people in the vicinity of the 
Sasardi-Morti Route (Panama), or an estimated 60, 000 people in the 
vicinity of the Atrato-Truando Koute (Colombia). The cost estimates 
include resettlement and village construction costs at the rate of 
$3,000 per person. These plans should assure that no person will 
be subjected to radioactivity in dangerous quantities. 


a 


From the above, it is obvious that evacuation and re- = 
settlement of local inhabitants presents some very substantial problems...’ 


The probability of damage from air blast or ground . 
shock beyond the evacuated area is small except for the large explo- 
sion for the Divide cut. High altitude winds will have to be measured » ae 
at the time of the shots to assure that refraction of damaging blast 
waves from the largest explosion to distances as great as Panama 


City can be avoided. 


4, Amortization of Casts 


Because of the low operating costs, the construction 
cost of a sea level canal can be amortized in a reasonable period of 


time. . 


The present canal receives $60, 000, 000 in tolls annually. 
It has 14,000 employees and carries the expense of governing and main-~ 
taining the 550 square mile Zone. The fiscal 1963 operating profit of ~~ 
the current canal enterprise, including returns from the profitable 
auxiliary operations, but before payment of interest to the U. S. 
Government or annuity to Panama, was $12,800, 000, 
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By contrast, a-sea.level canal which earned $60, 000, 000 
x year in tolls would require a labor torce of no more than 800 men 
and there would be no Zone to maintain. Az such a toll level, the 
operating prolit beitore interest or annuity charges ‘would be approxi- 
mately $52,000,000 per year. Asa result, a substantial amortization 
payment could be made annually even though the annuity to the host 
country were increased substantially above the current $1, 900, 000, 
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: It should be pointed out that this rough analyses does not 
purport to compute any 'readjustment'' costs which might arise from 
moving the canal, or from the payment of military -base fees. 


se nie ole a als ste ats afc ale abe ofe ole fe she nie afe dic als ale steals 


In sum, a nuciear canal is feasible from a technical and 
economic standpoint and the substantial difference in costs and the 
_wider choice of location weigh heavily in its favor. Its construction, 
however, involves serious domestic and international issues. . 


III, Problems Posed bya Nuclear Canal - 


A. Host Country Approval 


1 Panama 


It will be difficult tc obtain Panainanian consent to the | 
construction of a canal by nuclear means, 


First, the use of nuclear devices presents an obvious 
problem. No matter how safe tne device, some fallout is inovitable 
and there will undoubtedly be a widespread fear on the part of the 
uneducated, uninformed, and superstitious population, which could 
be exploited. The best counter to this fear would be the safe demon- 
stration of nuclear excavation in U. S. territory. Projects of this 
type {Carryall in California and Tennessee, Tom Bigbee in Mississippi) 
are uncer consideration at the present time. It should be noted, however, 
that these projects present test ban treaty problems as subsequently 


discussed.. 


Second, termination of the present-canal operations 
would have a severe economic impact on Panama. Ten thousand , 
Panamanians are employed in conneciion with the present Canal; the 
payroll has reached an annual level oi $35,000,000, Panama City and 
Colon virtually depend for their exists: ace on this labor force and on 
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the business which the Canalitself produces. The current Canal 
operation, its contractors, andits U.S. employees and Canal. 
Zone military activities spend an additional $50,000,000 in arene 


On the other hand, ifa new canalis built, the present: 
Zone, except for military installations, would be returned to Panama 
with obvious benefits to Panama. The hydroelectric potential of Gatun’ 
Lake (the second largest man-made lake in the world) with a normal 
water level 85 feet above sea level, is substantial, Plentiful electric 
power, the trained labor fores, the Zone installations, and furthes 
U. S. aid could provide a start toward industrialization, 


In addition, we would wish to preserve our military in- || 
stallations’in Panama and certain necessary supporting facilities - 
under a base rights arrangement. This would continue to provide... | 
an iroportant return to the Panamanian government and substantial 
indirect benefits tc Panama. It is estimated that these benefits 
would amount to $30, 000,000 to $40, 000, 000 annually. . 

if Panama should reject a proposal to build a new canal” “e 
in Panama, it would seem desirable to seek rights in another count? 
_An option in another country could radically change. our bar gaining 
_ position in Panama for the better. ; Get pee 


2, Other Countries 


Proposed routes in Nicaragua, Mexico or Colombia 
are more than twice as long as the routes through Panania, but it - 
is iikely that rights for excavating a nuclear canal through these © 
countries, excepting Mexico, would be more easily secured. Itis . | 
true that fallout is feared everywhere and the problem of obtaining - 
consent to the use of nuclear devices will always be difficult. On = 
the other hand the economic benefit of a new canal to one of these = | 
_countries would be far greater than in the case of Panama. Unlike .." 
Panama, ney have no existing canal with dependent cities which 
wii suffer if the canalis moved, Any benefits from a sea level 
caval would be a net vain for Colombia, Nicaragua or Mexico, 


In this connection it is worth noting that Colombian : 
officials have expressed their willinsness to have U. S, teams survey 
the proposed Atrato- Truundo route in tasir country. 
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B. Congressional Approval 


The Congress has manifested little interest in a sea level 
canal prior to recent Panamanian riots. For example, HR SO, 
authorizing studies for a new or improved canal, was introduced at 
the beginning of the 88th Congress, but no hearings have been held on 
the bill by the House Merchant Marine Committee to date. 

Furthermore, in the past a strong body of congressional 
opinion has firmly opposed any change in the status quo in Panama 
and has insisted upon the maintenance of U. 5, rights "as if sovereign" 


in the present zone. 
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However, recent events have quickened interest in an 

alternative to the present canal. Senators Mansfield and Cotton have © 
made proposals for the study of new routes and have received suppere 
from other members of Congress, ; “ 
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It is likely that the political, economic, and strategic coa-_ 
siderations described earlier will stimulate in time the congressional 
support required to builda sea level canal. 


Cc. Test Ban Treaty 


Under the terms of the Test Ban Treaty, nuclear explosions 
are prohibited which cause "radioactive debris to be present outsice the 
territorial limits of the State under whose jurisdiction or control such 
expiosion is conducted,"' Little hope is held that nuclear excavaticn 
techniques can be developed which can excavate the canal without some 
detectable fallout occurring on international waters outside of Panama 


or Colombia. 
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A treaty-amendment Bags approval of a majority of the 
participating nations, including all the original parties (U.S., U. XX, 
and Russia). Obtaining such amendment -- even if limited to one 
isolated project such as a canal ~~ would be difficult for some years. 
However, we could undertake at the proper time to obtain such amend- 
ment by pointing out the benefits to the Western Hemisphere, and 
poszibly to the Soviets of similar projects. We must also provide 
proper safeguards to ensure that neither side gains from such excavation 
programs any information on weapons design or effects which could not 
be gotten as easily or more easily by underground testis 
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Should Russia insist on examining the internal design of the 
device, a cifficult problem would be presented. It is the view of the 
AEC that our advanced devices by which we have reduced the fission 
prouucts from large yields reveal cur most advanced nuclear technology 
and cherefore must not be exhibited. Older devices, which could be 
exhibited to the Russians, cannot be used because they produce excessive 


fallout. 
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An alternative is to allow Soviet and neutral observers to note 
that in these excavations there are no atrnospheric effects of the kind 
which would be useful in weapons application (electromagnetic and nuclear 
radiation pulses of the sort which make blackout, etc.) and no equipment 
to mcasure them. The groundwork could be laid for such a procedure by 
intewnational attendance at earlier nuclear excavations inthe U. S. We 
may caus be able to establisn the required assurance, which we also 
would need in the case of Soviet activities, that a general amendment to 
aut.orize excavations causing only minimal radioactivity beyond national 
boundaries would not be used for military development purposes, This 
would require close inspection of the outside of the explosive, ‘its place- 
rocnt, and the surrounding area, which the Soviets would be much less 
wiliing than we to allow, posing a »roblem of negotiability. With respect 
to weapons developnient, an extexniily inspected cratering shot, with 
measuremenis on the bomb itself barred, would be much less useful 
than an instrumented one at twice the depth (hence fully contained and 
lege. under the treaty) so that there is no reason to use excavating shots 
for shat purpose. If the several multi-megaton explosions presently 
planned for use at the highest elevation on the canal route raise a question 
about whether the yields are ones which could be adequately contained, a 
subtitutiun of a number of 1-2 megaton explosives simultaneously detonated 
might be made at an acceprable excxra cost, 

Finally, some question nas been raised as to whether the 
nuciear excavation technique can be completely established in the VU, S, 
wit.cut an amendment of the Test Pan Treaty. The treaty will not impede 
the cevice development which can se cone entirely underground. Though 

. move cratering tests musi be carricc out in order to estaslish tinal feasi- 
bility, ine ones involving larger arsounts of radioactive debris 
need to be done for several years. : 


The DOD Geneval Counsel advises that interms of the negoti- 
ating history of the Treaty, it is at least arguable that the early cratering 
A 


experiisents to be done inthe U. S. are legal. Because th 
are ia fact buried the explosions will be nearly containec, 


oi the explosion is so small anc the distance to x border so great that 

The argument 
for lezality will be more difvicuit in the case of the canal since explo- 
sions will be larger and distances to the borders smalier. 


Under existing procedures, decisions on nuclear test explo- 
sions which might raise questions uncer the Treaty are made on an 
ad hoc basis by the President, after full analysis by the sponsoring 
agency, reviewed by a committee of interested agencies chaired by 
Mr. McGcorge Bundy. This committee has not established a precise 
definition for ..e Treaty terms "radioactive debris to be present." 
Some of the needed cratering shots could probably be approved by this 
committee with little if any change in its existing standards of appraisal. 


IV. Necessary Actions Leading Towarc 
tne Coastruction of a Sea Level Canal 
z.. Obtain passage of House Bill H. R. 80 (or a similar Senate 
Bill 2428) authorizing site surveys, and obtain the necessary appro- 
priations ($17, 000,000 for two rouies). 


B. Decide where surveys are to be made, and obtain right to 


conduct them. 


Cc, Einish mapping Panarnanian and Colombian routes. Mexican 
and Nicarauguan maps have been ccovapleted. 


s 


D. Complete the anaiysis of effect of Test Ban Treaty on nuclear 
excavation. 


=. Conduct surveys, to-include weather observations and cv ...ing 


ad 


to ascouvain the sub-surface geology so that test explosions to dete. mine 
crateriaz effects can be made elsewhere in similar conditions (3 to = 


3 
years}. 


“, Complete Plowshire tests. The program involves further 
improvement of special explosives, theix production, and continued 
development of explosive cratering technology, including a demonsira- 
tion project inthe U. S. The program is now under way and coulc se 
comp.c.ced within about four years, 


<. Decide where and how canai is to be built. 


| 
: | 


= elec rae eres ease: 


‘cvoviate treaty or wreaties w..en desirable. 


I. Obtain ratification of thc treaty in the Senate and congressional 


zuthorization and appropriation for consiruction oi a new conal. 


J. Excavate the canal and build the nccessary traffic control 
installations (6 years for Panama, 9 years in Colombia). 


‘he total time from date of decision is from 12 to 18 years. 


